Oxidative stress-induced JNK activation contributes to proinflammatory phenotype of aging diabetic mesangial cells.
and increased oxidative stress (OS) play an important role in diabetic nephropathy progression. Herein, we show that mesangial cells from streptozotocin-induced aging diabetic mice, a model of progressive diabetic nephropathy, exhibited increased OS and a proinflammatory phenotype characterized by elevated chemokines and ICAM-1 expression. This phenotypic change was consistent with the extensive inflammatory lesions present in aging diabetic kidneys and was not found in mesangial cells from old and young controls or young diabetic mice. Activation of the c-Jun NH 2-terminal kinase (JNK) pathway was a likely contributor to the proinflammatory phenotype of aging diabetic mesangial cells since 1) phosphorylated JNK levels and JNK kinase activity were increased in these cells, 2) suppression of JNK significantly decreased monocyte chemoattractant protein-1 (MCP-1) production in these cells, and 3) activation of JNK in normal mesangial cells induced inflammation. Elevated OS in aging diabetic mesangial cells may be a cause of JNK activation and inflammation, because antioxidant treatment decreased JNK phosphorylation and MCP-1 production. Additionally, decreased expression of mitogenactivated protein kinase phosphatase 5 (MKP5) may also contribute to increased JNK and inflammation in aging diabetic mesangial cells since overexpression of MKP5 in these cells normalized phosphorylated JNK levels and reversed the proinflammatory phenotype. Moreover, knocking down of MKP5 expression in old control mesangial cells resulted in JNK activation and MCP-1 production, a phenotype seen in aging diabetic mesangial cells. Interestingly, MKP5 phosphatase activity was diminished by free radicals in vitro. Thus, OS may induce inflammation in mesangial cells by activating JNK through either a direct activation of JNK or indirectly by suppression of MKP5 activity. Proinflammatory phenotype of mesangial cells may contribute to chronic inflammatory lesions and disease progression of aging diabetic mice. diabetic nephropathy; mice IT HAS BEEN SHOWN that phenotypic changes occur in mesenchymal cells (13) . The emphasis, however, has been on the acquisition of a profibrotic phenotype. Parenchymal cells are also actively involved in the early phases of inflammatory responses. It is unclear whether these cells could acquire a proinflammatory phenotype to prolong inflammation in diseases such as diabetic nephropathy.
The gradual expansion of extracellular matrix and chronic inflammation underlies the progression of diabetic nephropathy. A phenotypic switch of renal parenchymal cells such as mesangial cells, podocytes, and proximal tubular cells has been shown to play an important role in extracellular matrix accumulation (12, 21, 24, 33, 39) . For instance, there is both in vivo and in vitro evidence that during the progression of diabetic nephropathy, some of the proximal tubular cells transdifferentiate into phenotype of mesenchymal cells that produce excessive interstitial matrix (22, 38) . Epithelial-to-mesenchymal transdifferentiation is also reported in podocytes (23) . Mesangial cells are major source of extracellular matrix in glomeruli (21, 24, 41, 46) . Hyperglycemia, advanced glycation end products, and transforming growth factor-␤ (TGF-␤), three major factors implicated in diabetic nephropathy, all stimulate extracellular matrix production by mesangial cells (1, 11, 36, 38, 52) . A stable profibrotic phenotype was consistently observed in mesangial cell isolated from both diabetic mice and patients, suggesting that a stable phenotypic change had occurred in vivo (26, 27) .
Chronic inflammation is another major contributor to progression in diabetic nephropathy (31) . The extent of immune cells infiltration, especially macrophages, is directly correlated with the severity of diabetic nephropathy (6, 47) . However, endothelial cells, mesangial cells, and proximal tubular cells are also actively involved in the process of chronic inflammation (29, 30, 34) . In response to hyperglycemia, advanced glycation end products, and cytokines and growth factors, these intrinsic cells could initiate the recruitment of immune cells or facilitate inflammation by upregulating the expression of chemokines, adhesion molecules, and survival and growth factors (9, 32, 35) . Additionally, intrinsic kidney cells could interact with immune cells to initiate a vicious cycle that could lead to a persistent inflammation (5) . In latter case, a phenotypic switch of parenchymal cell from being a passive responder to an active player in inflammation may have occurred. The current report shows that mesangial cells from a model of progressive diabetic nephropathy exhibit a stable proinflammatory phenotype, partly due to excessive oxidative stress. The activation of c-Jun NH 2 -terminal kinase (JNK) by oxidative stress may contribute to the proinflammatory phenotype of diabetic mesangial cells.
MATERIALS AND METHODS
Animals. Female C57B6 mice (4 and 16 -17 mo of age), obtained from National Institute on Aging, were injected with streptozotocin (50 g/g) to induce diabetes (2, 51). Mice with stable hyperglycemia (glycemia Ն250 mg/dl) at 5 mo (young) or 18 mo (old) of age were selected for study. The 18-mo-old mice were chosen because female C57B6 mice begin to have irregular, lengthened estrous cycles at ϳ10 to 14 mo of age and the cycles usually cease at 18 mo of age (50) . Both young and old diabetic mice were followed for 4 mo without insulin injections. At death, glomeruli were microdissected from each group of mice under a microscope at 4°C as previously described for the purpose of RNA isolation and mesangial cell culture (50) . The use and all the procedures done to animals had been approved by the Institutional Animal Care and Use Committee, Mount Sinai School of Medicine.
Mesangial cell culture. Glomeruli were seeded into fibronectin-coated wells and incubated with DMEM/F12 (3:1) medium containing 20% FBS at 37°C, 5% CO 2. The outgrowing mesangial cells were characterized and propagated as previously described (10) . Cells at passage 4 to 11 were used for the study. At least two lines of mesangial cells from two animals of control and diabetics were obtained.
Western blot. Renal cortex and mesangial cells were homogenized in a lysis buffer containing protease and phosphatase inhibitors (Pierce, Rockford, IL). Ten to fifty micrograms of protein were loaded onto 10% SDS-PAGE gels. After separation, proteins were transferred to PVDF membranes. For Western blot, membrane was pretreated with a blocking buffer (Thermo Fisher Scientific, Waltham, MA) at room temperature for 30 min before incubating with the following antibodies: anti-p-IB, anti-p-p38, and anti-p-JNK, all at 1:1,000 dilutions from Cell Signaling (Natick, MA). After overnight incubation with first antibody at 4°C, membranes were washed and incubated with a horseradish peroxidase-labeled secondary antibody and immunoreactivity was detected using the enhanced chemiluminescence assay. Membranes were washed 30 min with a stripping buffer (Thermo Fisher Scientific) before being reprobed with an anti-total-IB, anti-totalp38, or anti-total-JNK antibody. At the end, membranes were also probed with an anti-␤-actin antibody (1:5,000; Sigma, St. Louis, MO) to ensure a similar amount of protein loading. JNK kinase assay. Two hundred micrograms of fresh cell lysate were immunoprecipitated with immobilized c-Jun fusion protein beads (Cell Signaling) overnight at 4°C. Protein beads were collected and washed afterward and incubated with ATP in a kinase buffer at 30°C for 30 min. The reaction was terminated by adding SDS loading buffer. After being denatured, reaction samples were loaded on a 10% SDS-PAGE gel and detected by Western blots using an antibody against phosphrylated c-Jun. Nonspecific controls included immunoprecipitation in the absence of protein lysate and Western blots with an irrelevant antibody.
Oxyblot. The oxyblot protein oxidation detection kit (Chemicon International, Temecula, CA) was used for detection of overall carbonyl groups introduced into protein side chains by oxidative modification. 2,4-Dinitrophenylhydrazine (DNPH) derivatization was carried out for 15 min, following the manufacturer's instruction, on 10 g of protein obtained from the kidney tissue and mesangial cell lysates. The DNP-derivatized protein samples were separated by 12% SDS-PAGE. Proteins were transferred to PVDF membranes, stained by Ponceau red, and then probed with an anti-dinitrophenylhydrazine antibody. Blots were developed using a chemiluminescence detection system. mRNA levels. Total RNA was isolated from glomeruli and mesangial cells using a PureYield RNA Midiprep kit (Promega, Madison, WI). Total RNA was reverse transcribed as previously described (50, 51) . The levels of monocyte chemoattractant protein-1 (MCP-1), c-x-c motif ligand 1 (CXCL1), macrophage inflammatory protein 2 (MIP2), regulated on activation, normal T cell expressed and secreted (RANTES), and intracellular adhesion molecule-1 (ICAM-1) mRNA were determined by real-time PCR. The primer sequences were MCP-1, forward, 5Ј-AATTACCAG-CAGCAAGTGTCC; reverse, 5Ј-GGGTCTGCACAGATCTCCTT; RANTES, forward, 5Ј-TTCCCTGTCATCGCTTGCTCT; reverse, 5Ј-CGGATGGAGATGCCGATTTT; CXCL1, forward, 5Ј-CT-TGAAGGTGTTGCCCTCAG; reverse, 5Ј-AAGGGAGCTTCAG-GGTCAAG; MIP2, forward, 5Ј-TCCAGAGCTTGAGTGTGACG; reverse, 5Ј-TTCAGGGTCAAGGCAAACTT; ICAM-1, forward, 5Ј-TGCTGCAGATGCTGTGAGAGT; reverse, 5Ј-AAACCCTC-GACCCATGTGATC. mRNA levels were corrected by the levels of ␤-actin or GAPDH mRNA. The expression of mitogen-activated protein kinase phosphatase 5 (MKP5) mRNA was also determined by real-time PCR using the primer of forward, 5Ј-GCGACGTG- GAACTGGCAGAAG; reverse, 5Ј-GGTACAACCCATCGGCTG-GCA.
MCP-1 and RANTES. Young and old control and young and old diabetic mesangial cells were seeded in a 24-well plate at 1 ϫ 10 5 cells/well. After conditioning cells with DMEM/F12 (3:1) medium containing 0.1% FBS at 37°C for 24 h, some cells were treated with TNF-␣ (10 ng/ml), a JNK inhibitor SP600125 (5-20 M; Calbiochem, San Diego, CA), 2,4-dinitro-1-chlorobenzene (DNCB; 10 M), or N-acetyl-cysteine (NAC; 10 mM). Supernatants were collected 24 h later. MCP-1 and RANTES were measured in 1:2 or 1:4 diluted supernatants using ELISA kits from Invitrogen (Carlsbad, CA). To exclude the possibility that the effect of JNK inhibitor or NAC on MCP-1 production was simply caused by their cell toxicity, cell viability was assessed by a 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. MTT at the final concentration of 250 g/ml was added to the cells 24 h after SP600125 or NAC treatment. After further incubating cells at 37°C for 3 h, the culture medium was removed and the formazan MTT product was solubilized with dimethyl sulfoxide. The intensity of color was read with a spectrophotometer at the wavelength of 590 nm.
MKP5 stable transfection. Old diabetic mesangial cells were transfected with a pCMV6 entry plasmid containing a full-length human MKP5 cDNA and a G418 resistant site (Origene, Rockville, MD). Stable transfected cells were obtained after selecting with G418 (1,000 g/ml) for at least three passages. Three clones with stable MKP5 overexpression, at least threefold, were obtained and used for further experiments, including the measurement of JNK phosphorylation, chemokines, and ICAM-1 mRNA.
MKP5 siRNA. Mouse MKP5 siRNA was purchased from Ambion (Austin, TX). RNA oligonucleotides (21 nucleotides) sequences were as follows: forward, 5Ј-GGC CUU UCA UGG AGU ACA ATT-3Ј; reverse, 5Ј-UUGUACUCCAUGAAAGGCCTG-3Ј. Cells were transfected with siRNA using Lipofectamine RNAiMAX reagent (Invitrogen) according to the manufacturer's protocol with slight modifications. Briefly, old control mesangial cells were seeded at 1 ϫ 10 5 cells per well in six-well plates. The next day, cells were transfected with MKP5 siRNA oligonucleotides or nontarget control oligonucleotides using Lipofectamine RNAiMAX. The final concentration of siRNA in the culture medium was 25 nM. After 48 h, RNA and protein of transfected cells and supernatant were harvested to examine the MKP5 expression, the levels of phosphorylated JNK and JNK kinase activity, and MCP-1 secretion, respectively.
MKP5 phosphatase assay. One microgram of enzymatic active recombinant human MKP5 (Biomol International, Plymouth Meeting, PA) was incubated with or without H2O2 (5 mM) in the presence or absence of 5 mM dithiothreitol (DTT) in a reaction buffer containing 100 mM Tris ⅐ HCl, pH 8.2, 40 mM NaCl, and 20% glycerol at 37°C in the dark for 30 min. Phosphatase activity was measured by adding the sample together with a substrate 3-O-methylfluorescein (500 M; Sigma) to a 96-well plate and incubated at 30°C for 30 min. Absorbance was read at 477 nM. Negative controls included wells containing only assay buffer, DTT, H 2O2, and substrate.
Statistical analysis. Values were expressed as means Ϯ SD. ANOVA or two-tailed unpaired t-test was used to evaluate the differences between the means. Significance was defined as P Ͻ 0.05.
RESULTS

Increased expression of proinflammatory genes in glomeruli and mesangial cells from old diabetic mice in vitro.
We previously showed that young C57B6 mice were resistant to diabetic nephropathy (50, 51) . We found again that both albuminuria and renal lesions were relatively mild in young diabetic mice (data not shown). Glycemic levels were higher in young diabetic (397 Ϯ 42 mg/dl, n ϭ 7) than in old diabetic mice (301 Ϯ 36 mg/dl, n ϭ 11). However, aging diabetic C57B6 mice developed much more severe nephropathy and that chronic inflammation was an important contributor to disease progression. Glomerular MCP-1 mRNA levels were moderately elevated in young diabetic and old control mice and were further elevated in old diabetic mice (Fig. 1A) . Moreover, glomeruli from old control mice also had higher ICAM-1 mRNA levels, and the levels were further increased in old diabetic mice (Fig. 1B) . Mesangial cells isolated from old control mice showed a trend of increased MCP-1 production comparing to mesangial cells isolated from young mice (P ϭ 0.06; Fig. 1C) . A prominent proinflammatory phenotype was present in mesangial cells isolated from old diabetic mice. Both MCP-1 and RANTES production were significantly increased in old diabetic mesangial cells (Fig. 1, C and D) . As shown in Fig. 1, D-I , old diabetic mesangial cells exhibited a 5-fold, 4.7-fold, 3.8-fold, 11.8-fold, and 2.6-fold, respectively, increase in MCP-1, RANTES, CXCL-1, MIP-2, and ICAM-1 mRNA expression compared with old control mesangial cells. Since no obvious increase in MCP-1 and RANTES production was found in young diabetic mesangial cells (Fig. 1, C and D, and data not shown), our study was focused on old control and old diabetic mesangial cells hereafter. Increased JNK phosphorylation in old diabetic mesangial cells. Since NF-B and MAPK are two common pathways that cause inflammation (3, 19) , we examined the levels of IB, p38, and JNK phosphorylation in two separate mesangial cell lines from both old control and old diabetic mice. At baseline, the levels of IB and p38 phosphorylation were similar in mesangial cells of old control and old diabetic mice ( Fig. 2A) . However, the levels of JNK phosphorylation were substantially elevated in mesangial cells from old diabetic mice (Fig. 2B) . Kinase assay clearly demonstrated that increased JNK phosphorylation in mesangial cells from old diabetic mice was associated with increased JNK kinase activity (Fig. 2C) .
Mesangial cells from old control and old diabetic mice were treated with TNF-␣ to determine whether the observed phenotypic switch in old diabetic mesangial cells affected cell response(s) to inflammatory stimuli. TNF-␣ induced a rapid increase in JNK, IB, and p38 phosphorylation in old control mesangial cells (Fig. 2D , and data not shown). JNK, IB, and p38 phosphorylation were also induced at the same time frame and to a similar extent in old diabetic mesangial cells (Fig. 2E , and data not shown). The addition of TNF-␣ caused an increase in MCP-1 production in mesangial cells from old control mice to levels paralleling that in old diabetic mesangial cells, but led to a further increase in mesangial cells from old diabetic mice (Fig. 2F) .
JNK activation and MCP-1 production in mesangial cells. As JNK activation is actively involved in various proinflammatory responses, it might contribute to the proinflammatory phenotype of old diabetic mesangial cells (45) . Indeed, SP600125, a chemical JNK inhibitor, dose dependently decreased MCP-1 production by old diabetic mesangial cells (Fig. 3A) . The effect of SP600125 was unlikely caused by its direct toxicity since more than 91% of cells were alive 24 h after treating with the highest dosage of drug (20 M) in the experiments. JNK was activated by DNCB in young mesangial cells (Fig. 3B) , which was associated with a 2.2-fold increase in MCP-1 production (Fig. 3C) . Similar changes were noted in mesangial cells from old mice treated with DNCB (data not shown). 
Increased oxidative stress in old diabetic kidneys and their mesangial cells in vitro.
Since oxidative stress is one of the major causes of JNK activation (28, 43, 49) , we examined the levels of oxidative stress in old diabetic kidneys and mesangial cells. The levels of oxidized proteins were increased in both old control and young diabetic kidneys (Fig. 4A) . The extent of increase was comparable between the old controls and young diabetes. A more prominent increase in oxidized protein levels was present in old diabetic kidneys (Fig. 4A) . Additionally, two mesangial cell lines isolated from old diabetic mice also exhibited elevated oxidized protein levels, compared with mesangial cells isolated from old control mice (Fig. 4B ). Direct measurement of cellular H 2 O 2 levels with DCFDA showed that diabetic mesangial cells had elevated oxidant levels, namely the increased DCF intensity (Fig. 4C) . Examination of cells under a fluorescence microscope provided a direct picture of increased DCF intensity in old diabetic mesangial cells and revealed that, while most mesangial cells were strongly stained, there was some heterogeneity (Fig. 4D) .
Oxidative stress, JNK activation, and MCP-1 production in mesangial cells. Mesangial cells from old normal mice, which had a relatively low baseline oxidant level and JNK activity compared with the cells from old diabetic mice, were treated with H 2 O 2 (1 mM). Phosphorylated JNK levels were increased 15 min after H 2 O 2 stimulation and persisted for 30 min (Fig. 5A) . Thus, oxidative stress indeed could increase JNK phosphorylation in mesangial cells. To examine whether the inhibition of oxidative stress would decrease JNK phosphorylation and downregulate proinflammatory gene expression, old diabetic mesangial cells were treated with an anti-oxidant, NAC. The levels of JNK phosphorylation and the production of MCP-1 were decreased (ϳ75%) by NAC in old diabetic mesangial cells (Fig. 5, B and C) . NAC treatment caused a moderate toxicity to the cells (13%). However, this toxicity alone could not account for such a large reduction of MCP-1 production by NAC.
Decreased MKP5 mRNA expression in old diabetic glomeruli and mesangial cells. MKP are critically involved in deactivation of MAPK via removing the phosphate groups from the kinases (44, 48) . Since MKP5 has been shown to specifically deactivate JNK and p38, we examined whether the activation of JNK in old diabetic mesangial cells might also be caused by decreased MKP5. MKP5 mRNA levels were significantly reduced in mesangial cells from old control mice and further decreased in mesangial cells from old diabetic mice (Fig. 6 ). There were no differences in MKP5 mRNA levels between mesangial cells from young control and young diabetic mice. MKP5 mRNA expression was also decreased in glomeruli from old diabetic mice.
Increasing MKP5 expression in old diabetic mesangial cells decreased JNK phosphorylation and suppressed expression of proinflammatory genes. Old diabetic mesangial cells were stably transfected with a human MKP5 CDNA plasmid to determine whether decreased MKP5 expression contributed to the persistent JNK activation observed in these cells. Phosphorylated JNK levels were substantially reduced in two of three stably transfected clones of old diabetic mesangial cells that showed at least a threefold increase in MKP5 mRNA expression (Fig. 7, A and B) . The reduction of phosphorylated JNK in these two clones of old diabetic mesangial cells was associated with decreased MCP-1, CXCL-1, and MIP-2 mRNA levels (Fig. 7, C, D, E) .
Knocking-down of MKP5 expression in old control mesangial cells activated JNK and increased MCP-1 production. Old control mesangial cells were transfected with a MKP5 siRNA or irrelevant control siRNA to determine whether decreased MKP5 expression in these cells would result in an activation of JNK and induce a proinflammatory phenotype. Transfection with MKP5 siRNA led to a 70% reduction in MKP5 mRNA levels and resulted in an elevation in phosphorylated JNK and an increased JNK kinase activity in old control mesangial cells (Fig. 8, A, B, C) . MCP-1 production was also significantly increased in MKP5 siRNA-transfected old control mesangial cells (Fig. 8D) . No change in JNK activity and MCP-1 production was found in cells transfected with an irrelevant siRNA.
Oxidative stress decreased MKP5 enzymatic activity. Oxidative stress decreases MKP1 and MKP3 enzymatic activity via the oxidation of cysteine residue in the highly conserved phosphatase domain of the active phophatase loop (4, 20) . Among all the dual specificity MAPK phosphotases, the composition of this loop exclusively contains cysteine (7) . Thus, we examined whether free radicals would modify MKP5 activity. When recombinant enzymatic active MKP5 was incubated with 5 mM H 2 O 2 for 30 min, nearly all of the phosphatase activity was lost. The addition of DTT, together with H 2 O 2 , led to preservation of ϳ60% of the enzymatic activity (Fig. 9) .
DISCUSSION
Phenotypic switch of mesangial cells to profibrotic myofibroblasts, identified by markers such as the appearance of ␣-smooth muscle actin and the expression of interstitial extracellular matrix, has been shown to occur in various progressive glomerular diseases including diabetic nephropathy (8, 18, 37) . We presented evidence here of a phenotypic switch of mesangial cells to proinflammatory. We found that in aging diabetic mice, a model of progressive diabetic nephropathy, both glomeruli and mesangial cells had a drastic increase in MCP-1 and ICAM-1 expression. Additionally, aging diabetic mesangial cells had increased RANTES, CXCL-1, and MIP-2 expression. Since the measurement of mesangial cells was performed after culturing cells out of glomeruli, the proinflammatory phenotype of aging diabetic mesangial cells seems stable. Interestingly, mesangial cells from nephropathy-resistant young C57B6 diabetic mice did not show increase in MCP-1 and RANTES, suggesting that the phenotypic switch of mesangial cells to proinflammatory may be both a marker and contributor to diabetic nephropathy progression.
NF-B and MAPK are two important inflammatory pathways in tissues and cells (3, 19) . We found that JNK, but not IB or p38, was readily activated in the absence of major stimuli at baseline in aging diabetic mesangial cells. Importantly, elevated phosphorylated JNK levels in aging diabetic mesangial cells were associated with increased JNK kinase activity. The activation of JNK did not seem to impede the cellular response to further inflammatory stimuli since a similar degree of increase in IB, p38, and JNK phosphorylation and MCP-1 production was observed when both aging diabetic and aging control mesangial cells were stimulated with TNF-␣.
The activation of JNK has been shown to be involved in inflammation in liver and adipose tissue of diabetes and in some of proinflammatory responses of mesangial cells (14, 15, 17, 40) . Since the inhibition of JNK decreased MCP-1 production in aging diabetic mesangial cells, it suggests that JNK activation may contribute to proinflammatory phenotype of aging diabetic mesangial cells. The finding that activation of JNK in old control and young mesangial cells caused a significant increase in MCP-1 expression in these cells indirectly supports a role of JNK in proinflammatory switch of mesangial cells.
Oxidative stress is the most notable JNK activator (28, 43, 49) . Not surprisingly, aging diabetic kidneys had elevated oxidative stress as evidenced by a prominent increase in oxidized protein levels and the increase in lipid peroxidation products (data not shown). Consistent with the in vivo data, we found that mesangial cells from aging diabetic mice also exhibited higher oxidant levels compared with mesangial cells from aging control mice. Since oxidative stress was indeed able to induce JNK phosphorylation in mesangial cells and furthermore, the inhibition of free radicals by anti-oxidant NAC substantially decreased JNK phosphorylation and inflammation in aging diabetic mesangial cells, these data suggest a causative role of oxidative stress in JNK activation and inflammatory phenotypic switch of mesangial cells. The levels of oxidative stress were also elevated in kidneys of both young diabetic and old control mice. However, the level of elevation was much less than in kidneys of aging diabetic mice. Since neither an obvious inflammatory lesion of kidneys nor a proinflammatory phenotype of mesangial cells was present in young diabetic and old control mice, a higher degree of oxidative stress may be required to induce these changes.
MKP is a family of dual specificity phosphatase that dephosphorylates both threonine and tyrosine residues in the active loop of MAPK (7) . MKP5 as a member of MKP family selectively inactivates JNK and p38, but not ERK1/2 (7, 44) . MKP5 has been implicated in immune function regulation as MKP5-deficient mice exhibited elevated innate immune responses with an increased JNK but not p38 activity. mRNA expression of MKP5 was decreased in aging diabetic glomeruli as well as in mesangial cells. Thus, the increase in JNK activity in aging diabetic kidneys and mesangial cells may also be partly related to decreased MKP5 expression. The cause(s) of decreased MKP5 expression in aging diabetic kidneys and mesangial cells are unknown. MKP5 mRNA levels were comparable in mesangial cells between young control and young diabetic mice and were higher in these mesangial cells than in mesangial cells of old control and old diabetic mice. This may contribute partly to less JNK activity and noninflammatory phenotype of mesangial cells in young control and young diabetic mice. Interestingly, free radicals have been shown to cause oxidation of a critical cysteine residue in active loop of MKPs, resulting in a loss of phosphatase activity and enhanced protein degradation (7) . We found that this was also in the case of MKP5. A modest concentration of H 2 O 2 could completely destroy the phosphatase activity of MKP5 in half an hour. The presence of reducing agent DTT could partially preserve MKP5 enzymatic activity when coincubating with H 2 O 2 . Thus, oxidative stress could activate JNK through both a direct increase in JNK phosphorylation and an indirect decrease in MKP5 activity in aging diabetic mesangial cells. Since restoration of MKP5 expression in aging diabetic mesangial cells reduced both phosphorylated JNK and inflammation, and furthermore, knocking down of MKP5 expression in old control mesangial cells induced JNK activation and inflammation, MKP5 obviously plays an important role in inflammatory phenotypic switch in mesangial cells.
JNK pathway is critically involved in cell life and death decision and in inflammation in liver and some of other cells (43) . The role of JNK activation in kidney diseases especially in diabetic nephropathy is unknown. The inhibition of JNK showed partial protection against fibrosis in obstructed kidney model (25) . Ijaz et al. (16) reported that JNK was chronically activated in glomeruli of db/db mice, although the significance of its activation was not clear since the inhibition of JNK did not seem to be beneficial. However, the models used in their study did not have progressive disease and there were few if any of renal inflammatory lesions.
It is unclear why aging diabetic mice developed inflammatory renal lesions and proinflammatory phenotype of mesangial cells while young diabetic mice did not. One of the discrepancies between old and young diabetic mice was that the levels of oxidative stress were much higher in old diabetic kidneys. Since the levels of oxidative stress were comparable between young diabetic and old control kidneys and old control kidneys also did not have inflammatory lesions and proinflammatory phenotype of mesangial cells, these data suggest that a higher level of oxidative stress may be required for chronic inflammation to occur. Additionally, since MKP5 mRNA levels remained unchanged in young diabetic mesangial cells but were decreased in old control and further decreased in old diabetic mesangial cells, the levels of MKP5 may also be a factor in determining phenotype of mesangial cells.
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